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Arrhenius Concept

a) acid = produce hydrogen ions in aqueous solution
(H4)
Example:
HC1 H;Q> H++cr

Base = produce hydroxide ions in aqueous
(OH
Example:

NaOH Na++ OH~

Bronsted - Lowry Model

Acid = proton (H+ donor

Base = proton (H+) acceptor



Example:

Conjugate pair ( )
+ H2XO nh: + H"
acid conjugate  conjugate
)conjugate base( Jacid(
.Jeconjugate acid( )base(
H(
Acids Conjugate Bases
h20 OH-
nh, NH
hpo;2 PO43
hso; S0;2

nha3 NH



Bases Conjugate Acids

0 h30 +
H.PO;1 H3PO4
CN” HCN
nh3 nh;
S0:2 hso;
conjugate) (acid)

Example:

HNO03>HC1>HF>HNO02>HCN >H2

Acidity
no: <Cl <F <no; <c™" <OH*
Basicity T

. (base



The state where the concentrations of all reactants and
Nducts remain constant with time.

)Forward reaction(

)Reverse reaction(

Example:
3 + * 2

The equilibrium constant

concentrations of Products -

concentration of Reactants

K = equilibrium constant

+ +

N K =][c]c[D]d
I’k
Jaq( ) (



Example:
3H2(+ N2 ( ; 2NHH(

K 1
[h2]'[nJ
Example:

Write the equilibrium expressi©n for the following reaction:
4ANH3(g) + 702(g) 4 NO2Q+ 6 20))

Example:
4 3 +702( 4 02(+6 2

Solution:
[NO2J4[HD f
[nh5)4]o:

Example:

b) CuS04-5H20 (5( CuS04V|+5H 20 5
K=[H2]5

(2H2)(: 2H2(+ 0,
K=[H22]

d) C;i0 -).)< )"3)



Example:
At high tem”~ratures, elemental nitrogen and oxygen react
with each other to form nitrogen monoxide:

) (+ 9 ) (
Suppose the system is analyzed at a articular
and the equilibrium concentrations are found to be [N2] =
0.041 M, [02] = 0.0078 M, and [NO] = 4.7xI0'4 M.
Calculate the value of K for the reaction.

INOJ = 4.2x10**M, ]0 = M, [N20.0078[ = 0.0

Solution:



N — = unitless

M.M

aA+bB~”cC +dD K

cC+dD 5aA +bB K=X~ =i

K

maA + mbB mcC + mdD

:Example
3H2) (+ N2~ 2NH)(

Calculate (K) for these reactions
a) 2NH3 (« N,) (+ 3H,(

) 2 ( )

Solution:

K= (x)n

K=3.8x104

K=7??

K=7??

)a



K, =(k > =Vk=V3.8x104=1.9x102

:Example
At a given temperature, K= 1.3xICT2 * the reaction

Calculate values of K for the following reactions at this
temperature

a iN2)+iH 2w 5NH30 (
C2NH3g N2) (+ 3H2(

)< - A(+HH)(
. 2N2(g)+6H 2(g( ®NHs(@5

Solution
a) K, =(K)= = (1.3x102( =0.114

b) K, =(k)1=(l.3xI0“2(" - - - =76.92
) (1= ( 1.3x10

d) K4=(k)2=(1.3x1(T2)2=1.69x10"4



Types

of Equilibrium

analytical chemistry

constants

Equilibria and Equilibrium Constants Important in Analy ic il Chem istry

Type o ' THhijiiiubrium
1 ; of water

= Ubriura
! *solub m

b)) its oils
' sou n
I>of
ick or
f-'ornwiim

»q iUsran

D riburjes. <o

Nam |symbol
ofEquiiibrium Cousuiiit

roa-pMduct 0 Kw
Solubiiity pr>lu:,,

G < ; tonsan ,

“inuatio consQfii. .

= . Example
« +

mm SOz~

.00
1 mOR COG'm

drc(( 4- 0

Ci COOH

Water as a* Acid a;*d Base

h2 + hZ2o

N ' h3o++oh*

Encountered in

)102(

Eqnilibrim n-Constaii
Expression

. IH.fCH.,C00-j]-0
CHjCOOH][ -

)ie )

INfCN jje
INT ;i CN"-j*

.(amphoteric substance)



(AMPHOTERIC)

nh3+nh3” nh; +nh;

2JH2O(D HI K + OH

Kw= Dissociation constant for water
c° 25. )1x10

JH* JH30 + = hydronium ion
.JOH-] = Hydroxide ion
JOH-[ HOH

Example:
Calculate the [OH-] and [HH of each of the following

solutions at 25 °cC.
a) [H4 = 3.2 xio M b) [OH*] = 4.67X106 M

Solution:
a) KW=[H+] [OH-]
1x10'M4= (3.2x10'5) [OH']
=> [OH~] = 3.125 x 10 M.
b) 1x10 4=[H+] [4.67 XI10'§]
A[H4H=2.14xI107M

204



The (P) Functions

Px  jlogjcd
)P-function(
)Ixio 4 )4(

3) PH =- log [Ht]
4) POH = - log [OH=

Example:
1) [H+] =2.16xI0~4 M
=>PH = - log (2.16 XIO'4) = 3.67
2) [OH-]1=5.34x10
POH = - log (5.34 xIO*7) = 6.27

(Px) (X

x=antil (—Px)



Example:

[H+] = anti log (-8.67) = 2.14 X10'9M
2) POH = 3.42
=> [OH*] = anti log (-3.42) = 3.8 xIO'4

POH  PH
PH 4 — .> POH

Example:

Calculate PH and POH for
o" ] * M [H

b)5.86xI0 M [OH

Solution:

&) PH =- log [H
log (2.66x10- = (= 3.58
=<PH + POH = 14
POH =>POH + 3.58 =14 = 10.42
|wPOH = - log [OH b)
log (5.86x10- ='(=7.23
PH + POH = 14
PH + 7.23 =>PH =14 =6.77



scale:
14 >—1 PH

a) PH>7 < acidic) (
b) PH =7 => neutral ) (
c) PH <7 < basic) (

‘Example

The PH of a sample of human blood was measured to be
at 25°c. Calculate POH, [H*], and [OH“] for the 7.41
sample.

7.41 PH
] [ JH+ POH 25°¢

Solution:

1) 14 =PH + POH
14 =741 + POH POH = 6.59
2) [H+] = anti log - PH
= ant] log - 7.41 = 3.89 xIO'8M
3) [OH-] = anti log - POH
= anti log - 6.59 = 2.57 XIO” M

Kw= [H+] [OH-~]
| %10 M = (3.89%10"°8) [OH-
A[OH~] =2.57x10"" m



